Abstract Fluid motions in the Earth's core produce changes in the geomagnetic field (secular variation) and are also an important ingredient in the planet's rotational dynamics. In this article we review current understanding of core dynamics focusing on short timescales of years to centuries. We describe both theoretical models and what may be inferred from geomagnetic and geodetic observations. The kinematic concepts of frozen flux and magnetic diffusion are discussed along with relevant dynamical regimes of magnetostrophic balance, tangential geostrophy, and quasi-geostrophy. An introduction is given to free modes and waves that are expected to be present in Earth's core including axisymmetric torsional oscillations and non-axisymmetric Magnetic-Coriolis waves. We focus on important recent developments and promising directions for future investigations.
change in the magnetic declination at London. Nowadays, the time-dependent nature of the geomagnetic field is well known. Changes occur across a wide range of timescales, from seconds-caused by interactions between the solar wind and the magnetosphere, to several tens of million years-the longest observed timespan between polarity reversals. Here, we focus our attention on the origin of the short (annual to centennial) timescale changes in the geomagnetic field often referred to as secular variation (SV). These changes are a reflection of rapid dynamics taking place in the Earth's core. In this review we describe the current state of theoretical understanding of short timescale core dynamics and the constraints provided by geomagnetic and geodetic observations.
Time-dependent models of the magnetic field at the core-mantle boundary (CMB) (see Gillet et al. 2009a , this issue), computed directly from surface observations (see Matzka et al. 2010, this issue) provide the main source of information for studying the short timescale core dynamics. Of the various aspects of SV, the westward drift is arguably its most well-known and documented feature, with observations dating back more than three centuries (Halley 1683 (Halley , 1692 . Though westward drift appears to be a global phenonemon at the Earth's surface, when one traces it back to its origin at the CMB, it is found to consist primarily of the westward motion of a series of intense field features focused around low latitudes under the Atlantic hemisphere (Finlay and Jackson 2003) . Many other components of the secular variation are also now well documented, including geomagnetic jerks (see Mandea et al. 2010 , this issue), the rapid growth of the South Atlantic low field anomaly (Gubbins 1987), and anticyclonic motions of field features in the northern hemisphere polar region (Olson and Aurnou 1999) .
Though all these processes have been recognized for at least a decade or longer, detailed understanding based on mechanisms of core magnetohydrodynamics (MHD) remain elusive. The westward drift is a case in point; we cannot yet state definitively whether it is produced purely by advection due to a westward equatorial flow or whether phase propagation of a MHD wave is also involved. Furthermore, we do not yet have a clear picture of the underlying dynamical balance sustaining such flows or supporting such waves. A primary goal of this review is to present current hypotheses on the core dynamics underlying SV, pointing out both what can be reliably inferred and the difficulties associated with those aspects that are still debated.
Observed changes in Earth's rotation, a proxy for angular momentum variations, can also be used to probe short timescale core dynamics (Jault et al. 1988; Jackson et al. 1993; Mound and Buffett 2003) . However, the precise nature and efficacy of the coupling (electromagnetic, topographic or gravitational) with the lower mantle and inner core is not yet precisely understood. As we show in the pages that follow, continuing uncertainty on such matters is a reflection of the fundamental complexity of the forward problem combined with limitations in our observational knowledge, rather than due to lack of interest or effort in the subject.
Core motions are governed by the equations of rotating MHD and in Sect. 2 we briefly review these along with the main approximations that pertain to short timescales. In Sect. 3 we mention recent insights brought to the subject by 3D self-consistent numerical simulations of rapidly-rotating, convection-driven, MHD dynamos. In Sect. 4, we review core flow models resulting from the inversion of magnetic observations and discuss possible observational evidence for the existence of wave motions and magnetic diffusion in the core. Finally in Sect. 5 we offer a perspective on promising avenues for future progress.
